PURPOSE: This study examined the effective impact of self and resistive and ultrasound-biofeedback diaphragm breathing on the pulmonary function and diaphragm thickening ratio of young adults.
an external intercostal muscle that is related to the expansion of the heart and regular breathing. The serratus posterior, intercostal muscles, and trapezius, levator scapulae, which spread the spine, are the accessory muscles associated breathing. In addition, the pectoralis major, pectoralis minor, and sternocleidomastoid are involved in deep inspiration [3] .
After inspiration, expiration occurs passively due to the difference in pressure between the lung and external pressure. In the accessory expiration muscle, there are the transverse abdominis, external ․ internal oblique abdominis, internal intercostalis, and rectus abdominis. These muscles work with effort or deep expiration [4] .
Degraded breathing muscles can lead to a weakened cardiopulmonary capacity and a lack of oxygen. This results in a decrease in cardiopulmonary volume due to a reduction of the oxygen metabolism, which reduces the elasticity of the chest, leading to a diminished pulmonary function and respiratory control [5] . Air stacking exercises can improve the lung capacity and exercise tolerance significantly in elderly adults [6] . In addition, the ability to remove cough or phlegm is reduced, which can accumulate secretions in the airway, leading to a range of respiratory diseases, such as pneumonia [1] .
Various breathing methods used to increase diaphragm breathing involve improving the strength and endurance of the respiratory muscles [7] . Self-diaphragm breathing training, also called diaphragm breathing training, is the main method of breathing, where the upper and lower movements are caused by a contraction of the diaphragm.
As a person breathes, the diaphragm contracts down and becomes flat, causing the abdomen to swell. During exhalation, the curtain and abdomen return to their original states [8] . This breathing method is used to exchange effective oxygen for carbon dioxide, and it helps stabilize the body and improve the pulmonary function. In addition, it is a breathing method that can be applied easily in everyday life because it has no side effects and is easy to learn and train [9] .
Resistive diaphragm breathing training is simply a method of intervention to increase the inspiratory capacity, which is based on the principle of overloading and applies a load to the supporting muscles of the diaphragm and inspiratory respiratory muscles [10] . Resistive diaphragm breathing training is used widely as an intervention for strength and endurance because a weakening of the inspiratory muscle interferes with the motor performance and breathing skills [11] .
Feedback breathing training is a training method that self-modifies and repeats the breathing method based on information provided in real time during a specific task. This is an effective method of breathing training for the elderly or patients with respiratory diseases who cannot use the respiratory muscles correctly because it can induce effective and normal movement of the respiratory muscles by continuously stimulating their ability to control breathing exercises [12] .
Kwon et al., [13] reported a decrease in the thickness of the abdominal oblique muscle and an increase in the thickness of the transverse abdominal muscle through an abdominal hollowing method with ultrasonic image feedback. Nam [14] reported that diaphragm exercises using real-time ultrasound feedback exercises produced significant improvements in disposal for young women with limited chest mobility.
Despite the clinical importance of diaphragm breathing, there are difficulties in learning about unfamiliar breathing methods when applying breathing exercises to the elderly or patients after respiratory diseases. Most of all, it is difficult to recognize the precise contraction of the diaphragm and simple and repetitive respiratory patterns can result in the incorrect use of respiratory muscles. This study examined the changes in the pulmonary capacity and the rate of contraction of the diaphragm by dividing diaphragm breathing training into three groups: selfdiaphragm breathing groups, resistive diaphragm breathing groups, and real-time ultrasound feedback diaphragm breathing groups. In this study, it was hypothesized that there will be more significant improvements in the pulmonary function and contraction ratio of the diaphragm in a way that the breathing training method provides feedback on the use of the respiratory muscles.
Ⅱ. Method

Participants
A total of 37 healthy adults were recruited at D University in D city. The selection criteria were those without neurological or musculoskeletal disorders, those without respiratory or circulatory system disorders, those without congenital thorax deformation or ribs, and those who did not have regular surgical diseases. Prior to the experiment, all participants were asked to explain the purpose and procedure of the study. All participants signed an informed consent form for voluntary study participation.
This study was a three-group pretest-posttest design to determine the change in pulmonary function and rate of diaphragm contraction according to the diaphragm breathing method. Of the 37 subjects initially selected, seven did not meet the selection criteria, giving a final total of 30 subjects. The selected subjects were pre-assessed followed by a random assignment program to either the self-diaphragm breathing group (SDBG, n=10), resistivediaphragm breathing group (RDBG, n=10), or real-time ultrasound feedback diaphragm breathing group (UFDBG, n=10) ( All diaphragm breathing exercises were conducted under the guidance and supervision of one examiner (Fig. 2 ).
Measurement and Procedure
1) Pulmonary function test
A spirometer (SPIROMETER HI-101, Chest M.I., Inc., Japan) was used to test the pulmonary function. The subjects leaned against the wall with their nose closed, were measured and recorded during the pulmonary function test. Prior to the measurement, the tester was fully trained through a description and demonstration of the testing method. The highest value was recorded after three measurements.
2) Diaphragm thickness
A real-time ultrasound imaging device (Digital Ultrasound Diagnostic Imaging System DP-6600, Mindray, Indonesia) was used to measure the diaphragm thickness and rate of change according to the diaphragm breathing training method. In the sitting position, a pen was placed on the chest wall between 8 and 9 ribs on the right side of the target. The probe was then placed vertical in contact with the marked area with the patient in the upright position to confirm the contraction in the plane image. The thickness of the diaphragm is the distance of two parallel lines that appear white in the middle of the breast film and in the middle of the diaphragm, causing maximum breathing of the subject, which was measured three times and averaged [15] (Fig. 3) .
To measure the diaphragm thickness during diaphragm breathing, the diaphragm thickness was measured at the time of maximum inhalation and maximum expiration with 
3) Statistical analysis
The data were analyzed using the SPSS ver. 
Ⅲ. Result
Finally, 10 subjects in each group performed the post-assessment. Table 1 lists the general characteristics of the subjects; there was no difference in the general characteristics between the groups. A comparison of the differences in pulmonary functions among the groups revealed significant differences in the FVC and MVV. The RDBG showed significant improvements in the FVC and MVV compared to the SDBG (p<.05).
The thickness and retraction rate of the air intake and the pre-and post-group comparisons were similar in the three groups, and there was no significant difference in the amount of variation among the groups (Table 3) .
Ⅳ. Discussion
This study compared the changes in pulmonary function and the rate of diaphragm contraction according to the diaphragm breathing training method applied to normal adults. As a result, the RDBG and UFDBG showed immediate improvements in the FVC and MVV. Resistivediaphragm breathing training in significant improvements in the FVC and MVV compared to self-imposed breathing exercises.
Self-diaphragm breathing exercises have been proposed Therefore, it is important for the subjects to recognize the precise contraction of the diaphragm so that they can perform the exercise. To detect the contraction of the dia phragm accurately, this study used real-time ultrasound imaging equipment to identify the contraction of the diaphragm directly [17] . Sartori et al. [18] improved pulmonary function in patients with fibrotic cysts after being provided feedback on the diaphragm contractions through real-time ultrasound imaging. Lee [19] reported that ultrasound-based feedback breathing training helped improve the pulmonary function of stroke patients.
This study hypothesized that when visual feedback is applied to correct a contraction of the diaphragm, there in pre-and post-intervention. Considering that all participants in the study were young adults and that the subjects were already familiar with diaphragm-breathing, it is believed that the impact of resistive-diaphragm breathing on breathing resistance was greater than that achieved by just providing visual feedback. resistive-diaphragm breathing training can be understood through the results of previous studies. Enright et al. [20] reported that a group of breathing exercises that provided resistance to inspiration showed an improvement in breathing. Liaw et al. [21] performed resistive-diaphragm breathing exercise on patients with spinal cord injury, and reported an increase in pulmonary function. Kim and Shin 
